Impact Factor (JCC): 6.8765 NAAS Rating: 3.11
adapted Response surface method to optimize the operating parameters to simultaneously reduce NOx and particulate matter. Dimitriou et al [8] studied the effects of injection rate with EGR combinations and bio-diesel fuel rates. Taguchi orthogonal array with one way analysis of variance have been used to estimate the importance of chosen factors and to find the optimum parameters for reducing the emissions without loss reducing the power. Kadam and Jadhav [9] adapted
Taguchi and multiple regression analysis to optimize vibration and performance on a diesel engine. L16 array was formed with Taguchi technique and multi regression analysis was used to find the best relationship between the input and output parameters.
Earlier studies on WPO and its blends as alternative fuel established the virtues of WPO in reducing the exhaust gas emissions. Likewise, a lot of research has been conducted in the past to choose optimum alternative utilizing GRA, RSM, Taguchi approach and so on. A definite study or a tool addressing the selection of optimum blend which is simple, systematic and logical scientific method is needed. The present study envisages analysis of engine performance with various blends of WPO. Combinatorial Mathematical Based Approach is adapted to select the most desired WPO blend that can be suitably tuned to obtain superior performance out of the engine.
MATERIALS AND METHODS

Engine Setup and Procedure
The engine tests were conducted on single cylinder (3.7 kW) constant speed (1500 rpm) four stroke diesel engine.
An eddy current dynamometer was coupled to the engine. Various instruments like AVL H12D miniature pressure transducer, AVL 364 angle encoder, AVL Digas 444 gas analyzer, smoke meter of AVL make were used to measure the desired parameters. AVL INDI MICRA-602-T10602A Version V2.5 software was used for online analysis of engine performance. The ignition delay period, starting of combustion, heat release rates and peak cylinder pressure were obtained from Pressure Vs Crank angle diagram. The technical specifications of the engine are shown in Table 1 . Tests were conducted at five load conditions i.e. 3A, 6A, 9A, 12A and 15A which correspond to 20%, 40%, 60%, 80% and 100% of load. Engine was run for 10 min at every load to stabilize and the readings were recorded. For each refueling with other blends, engine was run for 30 min to consume the fuel entrapped in the fuel lines. Repeatability was ensured by replicating the experiments thrice. The overall approach is given in Figure 1 . The stepwise procedure of CMBA is explained as follows,
Step 1: Decision Matrix
The decision matrix consists of alternatives, attributes and relative importance [10] . In this study, Load and WPO blends are considered as alternatives. BSFC, BTE, NO x , HC, CO, Smoke and EGT are the attributes. Eq. (1) shows the decision matrix in general form. (1)
Where, C ij is the performance value and A, B are the number of alternatives and attributes. The attributes are either subjective or objective.
Step 2: Normalization
Normalization makes all values of attributes to be non-dimensional. The normalization procedure adopted in this study is as follows,
; when the j th attribute is found to be beneficial
; when the j th attribute is found to be non beneficial (
Eq. (4) shows the decision matrix with normalized values.
Impact Factor (JCC): 6.8765 NAAS Rating: 3.11 (4) In the present study, BTE is beneficial whereas BSFC, NO x , HC, CO, Smoke and EGT are non beneficial. The normalized values of the experimental results are shown in Table 2 . Step 3: Relative Importance Values for Attributes
The decision maker meticulously analyses the attributes and assign relative importance values (off diagonal elements) using Analytic hierarchy process scale [11, 12] . The pair wise comparison matrix N, as shown in Eq. (5), is formed with p ij and p ji where p ij = 1 when i=j and Intermediate between 5 and 7 7
Very strongly preferable 8
Intermediate between 7 and 9 9
Extremely strongly preferable Pair wise comparison matrix in the present study is shown in Eq. (6), (6) The consistency check [13] should be carried out to ensure the judgments of relative importance values of attributes. As per the decision making method, consistency ratio should be less than 0.1. For pair wise comparison matrix shown in Eq. (6), the consistency ratio was found to be 0.061.
Step 4: Matrix for Attributes of Alternatives
Matrix for attributes of every alternative is formed with normalized values as diagonal elements and off diagonal elements is taken from Eq. (6). This matrix is represented as R in Eq. (7). (7) In the present study, the alternative selection attribute matrix is shown as Eq. (8). Step 5: Permanent Function
The "index score", is also called as Permanent function (Per C) [12] 
A computer program was generated to simplify the above calculation.
Step 6: Rank of Alternatives Calculate the index scores for all alternatives using step 5 and sort either in descending order. The alternative with highest index score is ranked as lowest from among the alternatives.
RESULT OF CMBA
As an example, index score for alternative 1 is presented below,
The alternative selection attribute matrix is given as (Step 4), Mathematical Approach for Selection of Waste Plastic Oil -Diesel Blends www.tjprc.org editor@tjprc.org (10) The index score calculated for experiment no. 1 as shown in Eq. (10) is 1.2585. Likewise, the index scores for all experiments are calculated and tabulated to rank them and are shown in Table 4 . Table 4 shows that, index score for experiment no. 4 is highest among all experiments. As such, WPO25 at 100% load is found to be the optimum blend for superior performance of the engine. CMBA methodology was adapted by [14] [15] [16] [17] [18] [19] [20] in manufacturing process and similar type of findings were reported.
CONCLUSIONS
The present study is to analyze diesel engine performance combustion and emission characteristics using blends of WPO and to find the optimum blend for superior performance of the engine. The following conclusions are drawn out of this study:
1. The properties of all WPO blend are acceptable and favorable as fuel in diesel engines.
2. Engine operated smoothly not only with WPO blends, but also with 100% WPO.
3. Waste plastic oil blend of WPO25 at 100% load is found to be the best blend for superior performance of the engine based on performance and emission characteristics. The proposed method of CMBA considers any number
